to play for 7+ days after concussion during two 6-year periods: 2002-2007 and 1996-2001 . The analysis may help delineate the effects of game rules, medical management, and equipment safety on the most severe concussions in the NFL. Finally, this study evaluates the epidemiology of concussion in the NFL during the more recent 6 years (2002-2007) , complements other studies on NFL concussions, 5, 10 and compares the data with earlier experience in the NFL. 10, 12, 13 
Materials and Methods
At the NFL level, team physicians examined all players and made all management decisions. Using the same standardized form over the 2 study periods, team physicians also reported signs and symptoms on initial and follow-up examinations of players who sustained concussions.
Operational Definitions
A reportable concussion is a traumatically induced alteration in brain function that is manifested by
Alteration of awareness or consciousness-including,
but not limited to, being dinged, dazed, stunned, woozy, foggy, amnesic, or (less common) being rendered unconscious, or (even more rare) experiencing seizure Signs and symptoms commonly associated with postconcussion syndrome-including persistent headaches, vertigo, light-headedness, loss of balance, unsteadiness, syncope, near syncope, cognitive dysfunction, memory disturbance, hearing loss, tinnitus, blurred vision, diplopia, visual loss, personality change, drowsiness, lethargy, fatigue, and inability to perform usual daily activities. 10 This definition is an extension of earlier ones.
1,2,7
Signs and Symptoms
The signs and symptoms of concussion were grouped into 6 categories: general symptoms, somatic complaints, cranial nerve findings, cognitive abnormalities, memory problems, and unconsciousness. A large and inclusive list was selected to capture all possible clinical signs and symptoms with mild traumatic brain injury (MTBI) in professional football players. The rationale for the various signs and symptoms has been described. 10 
Return to Play
The following definitions apply to the return to play. NFL team physicians clear a player for return to play after he is asymptomatic and has a normal neurologic examination. 3, 4, 11 Return immediately. The player returns after the team physician's evaluation demonstrates that he is asymptomatic and has a normal neurologic examination. Depending on the game, the period of rest may be minutes or possibly an hour or so before he gets back on the field.
Rest and return. The team physician evaluates the player and determines that he should have some protracted time before returning. Ultimately, the player is cleared to return to play on the day of the injury.
Removed from play. The player is not allowed to return to the game or practice session in which he was injured.
Hospitalized. The player is admitted to the hospital for evaluation, including brain imaging.
Days Out
The definition of days out is the time between the date of concussion and the date that the player is permitted to return to full and unlimited participation. 11 Full and unlimited participation means that the player must be able to perform all the activities of the session at the same intensity as his teammates.
Statistics
Descriptive statistics were used to characterize those players who were out < 7 days and those who were out 7+ days from play during the 6 years of surveillance. Chi-square and t tests were used to compare the signs and symptoms, medical action, management, and time loss to the team between the 2 groups of players (< 7 vs 7+). Combinations of, and the presence of, signs and symptoms that may predict 7+ days out were explored in multiple ways.
results
The cases involving 7+ days out were investigated and compared between two 6-year periods-specifically, the 2002-2007 and 1996-2001 seasons (Table 1 ). In the later period, 143 players were out 7+ days (16.7% ± 2.5%), compared with 73 in the earlier period (8.2% ± 1.8%), a significant difference (z = 5.39, P < 0.01). Thirty-three concussed players were out 21+ days (3.86%), compared with only 7 players in the earlier period (0.79%).
In the later study period, 14.1% of all concussions involved 7+ days out ( Table 2 ). The positions with the highest percentages of 7+ days out were quarterback (24.5% vs 16.1%), linebacker (19.8% vs 4.6%), and wide receiver (19.5% vs 8.2%), compared with the earlier period. The player positions with the highest odds ratio for being out 7+ days were linebacker (1.28 vs 0.65), quarterback (1.80 vs 4.02), and wide receiver (1.25 vs 1.15).
The highest incidence of 7+ days out occurred after passing plays (32.2% vs 37.0%), followed by kickoffs (18.9% vs 21.9%), and was similar for the 2 study periods ( Table 3 ). The highest frequencies of 7+ days out by all concussions in that activity occurred after a fumble (50%), interception (20%), and point after a touchdown (20%). There were essentially no players out 7+ days in these categories during the 1996-2001 period. The data demonstrate an increasing proportion of 7+ days out for all categories of play.
(text continues on p. 136) The players experiencing 7+ days out had more signs and symptoms on initial evaluation compared with those whose MTBIs resulted in fewer days out (Table 4) . For those who were out for 7+ days, the symptoms and signs with the highest incidence upon initial evaluation were headaches (69.9%), dizziness (45.5%), problems with information processing (42.7%), and problems with immediate recall (30.8%). The difference in the percentage of players out 7+ days with headaches, immediate recall difficulties, and informationprocessing problems was statistically significant (P < .05).
The data show that a higher fraction of players who were out for 7+ days had the following initial signs and symptoms in the later period: nausea, dizziness, blurred vision, and problems with information processing (Table 5 ).
The number of players who were out 7+ days and did not return to play on the day of injury (84.6% vs 86.4%) was similar between the 2 study periods ( Table 6 ). The number of players who were out 7+ days and did return to play on the day of injury (3.5% vs 6.8%) was significantly lower in the later study period.
Headaches and cranial nerve problems-mostly dizzinesswere the most common initial signs and symptoms of concussion (Table 7) . These resolved during the first few days following injury in the majority of the players who ended up out 7+ days. Headaches were the symptom that lingered the longest, albeit in a small number of players. When cognitive and/or memory problems occurred in the initial examinations, they resolved quickly in most players who were out 7+ days.
discussion
The major difference in the data between the two 6-year periods is the significantly greater number of players who were out for 7+ and 21+ days in the period from 2002 through 2007. There are 3 possible explanations for this change, and they are not mutually exclusive: First, the severity of concussions may have increased during the second 6-year period; second, the changes in the neuropsychological testing program during the second 6-year period may have resulted in the detection of a greater number of abnormalities in clinically unrecognized cognitive and/or memory functions; and third, team physicians and athletic trainers, with the cooperation of the players and coaches, may have adopted a more conservative, cautious approach to the treatment of concussions during the second 6-year period.
Increased severity of concussions could be manifested in a number of ways. An increased incidence of the signs and symptoms of concussion-taken individually or in sum-is one possible indicator. Signs and symptoms can be evaluated at the initial examination and at follow-up until the concussed player is asymptomatic with normal neurologic function. The data presented in an earlier article 5 indicated that only photophobia occurred at an increased incidence during the later 6-year period (Table 5 ). This increase does not explain the increase in the number of players who were out for 7+ days during that time. Despite the equivalent incidences of all other signs and symptoms upon initial examination in the entire group of concussed players during the 2 study periods, significant differences were noted when the incidences of initial signs and symptoms were compared between players out < 7 days and players out 7+ days during the 2002-2007 period. All the general symptoms except syncope and seizures occurred more frequently in players out 7+ days (P < 0.05). Anxiety, fatigue, loss of appetite, photophobia, blurred vision, cognitive problems except orientation to person, and all memory problems also occurred more frequently in players out 7+ days (P < 0.05). Thus, a greater number of the initial clinical signs/symptoms of MTBI were associated with being held out for 7+ days during the 2002-2007 period than during the 1996-2001 period.
Evaluating the incidence of signs and symptoms at the various follow-up examinations can help determine if concussions were more severe, as manifested by the persistence of signs and symptoms in the days following concussion. Analysis of the incidence of signs and symptoms present at the third follow-up evaluation does not reveal any large increase during the second 6-year period to account for the significantly increased number of players who were out for 7+ days during that time ( Table 7) . The fourth follow-up examination occurred at a median time of 5 days following concussion, with 75% of fourth follow-ups occurring before day 7. The second study period (2002) (2003) (2004) (2005) (2006) (2007) showed only a small increase in the presence of symptoms at the fourth examination. There were small nonstatistically significant increases in headache, cranial nerve symptoms, somatic signs/ symptoms, and cognition/memory ( Table 7) . The data on memory and cognitive function are based on clinical history and examination performed by the team physicians and/ or consulting physicians and not on the results of formal neuropsychological testing. Again, these small changes do not likely explain the large increase in players out for more than 7 days in the second study period.
Similarities Between the 2002-2007 Cohort and the 1996-2001 Cohort
The groups out 7+ days during the two 6-year periods are similar in many ways. During both periods, quarterbacks, linebackers, and wide receivers had a higher incidence of being held out for 7+ days when compared with other players. These position players are often involved in high-speed collisions, and they may sustain more-severe MTBIs than those of other players. These position players continued to have a higher chance of being held out for 7+ days during the more recent period despite the fact that the overall incidence of reported MTBI in these players actually decreased during 2002-2007. 5 During both 6-year periods, the chances of a player being held out for 7+ days after MTBI were highest for passing plays, followed by running plays and kickoff plays. Kickoff plays are often associated with high-speed head collisions; because kickoffs occur much less often per game than do passing plays, (text continues on p. 144) the actual risk of sustaining an MTBI that results in being held out for 7+ days may be higher per play for kickoffs than for other types of plays. The percentages of players who were not allowed to return to play on the day of concussion and who ended up out 7+ days were similar between the two 6-year periods. The small percentages of players who were allowed to return to play on the day of the concussion and who ended up out 7+ days were also similar during the two 6-year periods.
Repeat Concussions and Players Out 7+ Days
Players with repeat concussions were more likely to be held out for 7+ days than were those who were experiencing a first concussion during 2002-2007, as they had been during 1996-2001 (Table 1) (Table 5 ). The consistency of these relationships over the entire 12-year period suggests that these clinical factors are prognostic indicators for being held out for 7+ days. Players who were hospitalized or removed from play on the day of concussion were also more likely to be held out from play for 7+ days during 2002-2007, as they had been during 1996-2001 (Table 6 ). During 2002-2007, only 22 of 374 players who initially returned to play on the day of concussion ultimately ended up being held out for 7+ days (Table 6 ). There were no significant differences in the initial and follow-up examination findings between the 2 study periods. However, significantly more players were held out 7+ days in the second study period. These findings suggest that a more cautious and conservative approach to the treatment of concussions has increased the number of players held out for 7+ days during the 2002-2007 seasons.
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